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These fertilizer experiments in the greenhouse and field gave 
the following results: 
1. The 2-12-2 and 0-12-2 had a greater effect on the develop-
ment of both the primary and secondary roots of corn than the 
0-12-0. 
2. Germination and root growth of corn were retarded when 
the fertilizers were applied in contact with the seed. 
3. The desirable effects of fertilizers on the early growth, 
maturity and yield of corn appeared to be in proportion to the 
development of the roots of the plant. 
4. The greatest development of both the primary and secon-
dary roots was secured when the fertilizers were applied in the 
hill thoroly mixed with the soil in an area large enough to prevent 
any retardation of germination. 
5. In greenhouse experiments the 2-12-2 and 0-12-2 applied 
in the hill mixed with the soil decreased the production of ni-
trates and lowered the nitrifying power of the soil for two weeks 
after the fertilizers were applied. 
6. The retardation of germination of corn was not due en-
tirely to the osmotic pressure of the salt solution. The elonga-
tion of cells and the rate of cell division was retarded by certain 
fertilizers independently of the osmotic influence. 
Some Effects of Method of Application of 
Fertilizers on Corn and Soils 
By FREDERICK B. SlIHTH 
Fertilizers are generally used primarily to increase crop 
yields. Under certain conditions, for a given crop, there may be 
a best method of applying the fertilizer in order to obtain the 
greatest increase in yield. The effect of the method of applica-
tion of the fertilizer on the germination, seedling growth, root 
development, resistance to disease or hardiness and the early 
growth of the plant will largely determine the value of the fer-
tilizer. The purpose of this investigation was to study some of 
the effects of the method of application of fertilizers on the de-
velopment of roots, bacterial action, germination, early growth, 
maturity and quality of corn on several soil types. 
HISTORICAL 
EFFECTS OF FERTILIZERS ON ROOT DEVELOPMENT 
OF PLANTS 
The effect of fertilizers on the root development of various 
crops has been studied by many investigators, and an excellent 
review of the literature on the characteristic growth of corn roots 
has been given by Miller (29). In 1846, Lawes (25) observed 
that superphosphate of lime promoted the early development of 
the young turnip plant, especially the lateral and fibrous roots. 
Goff (15) concluded "That moisture and fertility have more 
influence in determining the position and direction of corn roots 
than soil temperature." Polle (32) obtained a greater weight 
of roots of barley when grown in unfertilized sand. 
Watt (41) secured an increased root development of barley 
and wheat apparently due to the application of phosphatic fer-
tilizers. Harris (19) studied the effect of soil moisture, plant 
food and age on the ratio of tops to roots in plants, and found 
that corn in sand cultures made proportionately a greater root 
growth on sand of low moisture content. Duley and Miller (9) 
found that the root growth of corn was proportionately greater 
with minimum nutrients, and the plants had a tendency to pro-
duce more fibrous' roots than when optimum nutrients were sup-
plied. Noll (31) records a greater development of corn roots 
with nitrogen than with phosphorus fertilizers. Maquenne and 
Demoussey (26) observed that calcium sulfate markedly stimu-
lated the growth of pea seedlings. Fred and 'l'ottingham (13) 
found that calcium sulfate was effective in stimulating the root 
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growth of red clover. Conner et al. (8) found that dilute solu-
tions of aluminum nitrate retarded the development of corn 
roots. 
EFFECT OF METHOD OF APPLICATION OF FERTILIZERS ON 
ROOT DEVELOPMENT 
The effect of method of application of fertilizers on the devel-
opment of the roots of various crop plants has received little 
attention. Nobbe (30) studied the effect of location of fertil-
izers on the development of corn roots and found the number of 
branches per unit length of both the primary and secondary roots 
was greater in the fertilized zone than in the unfertilized soil. 
Gile and Carrero (14) experimenting with rice plants observed 
that the fewer roots which were supplied with the element, the 
smaller was the total amount of the element which was absorbed. 
Haskell (21) noted the importance of applying the fertilizers in 
such a way that, so far as possible, all the roots of the plant 
would be supplied with the fertilizer. Coe (7) found that acid 
phosphate located below the hill stimulated the root development 
of corn, but commercial 2-12-2 located below the hill restricted 
root development in the fertilized zone. 
Millar (28) compared the effect of 200 pounds per acre of 
3-10-4 on the growth of corn roots when the fcrtilizer was located 
below the hill, with 400 pounds per acre applied broadcast. He 
concluded that the root growth was not restricted when the fer-
tilizer was applied below the hill, and that the amount and 
character of root growth was not appreciably affected by the 
method of applying the fertilizer. Truog et al. (40) concluded 
"That numerous greenhouse and field tests have given no evi-
dence that hill fertilization restricts root growth." Harper (18) 
concluded that" No decrease in root development was detected 
between fertilized and unfertilized plants when the rate of hill 
fertilization did not exceed 200 pounds per acre and the nitro-
gen content of the fertilizer did not exceed three percent as 
ammonia." 
EFFECT OF FERTILIZERS ON BACTERIAL ACTION 
The literature dealing with the effect of fertilizers on bacterial 
action in the soil is voluminous, but that concerning the compar-
ative effect of various methods of application of the fertilizers is 
scanty. Fred and Hart (12) in a study of the comparative 
effect of phosphates and sulfates on soil bactei'ia suggested that 
"Possibly the increased crop production of a soil resulting from 
the application of soluble phosphates is in part due to the pro-
motion of bacterial activity." Greaves (16) concluded that 
those compounds which are the most active as stimulants to the 
higher plants are also most active in stimulating bacteria, and 
, 
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that it is very likely that the effect upon the plant is due to the 
action of the compound upon the bacteria which in turn render 
available more plant food. . 
Brown (3) found that lime increased nitrate production from 
ammonium sulfate and dried blood, the gain being almost propor-
tional to the amount added. Brown and Gowda (4) found that 
rock phosphate, acid phosphate, sodium nitrate, and small appli-
cations of 2-8-2 gave an increase in the nitrate content of the 
soil, and stimulated the nitrifying power of the soil. Allison (1) 
found that" Ammo-Phos" increased the rate of ammonification 
in cottonseed meal, but decreased it in dried blood. Harper (18 ) 
found that hill fertilization did not cause any accumulation of 
ammonia in three soils studied. 'l'he accumulation of nitrates 
in a sandy loam was retarded, while in a silt loam no appreciable 
increase or decrease was observed. 
EFFECT OF FERTILIZERS ON THE GERMINATION AND 
GROWTH OF SEEDLINGS 
The injurious effect of fertilizers on the germination of seeds 
has been known almost as long as fertilizers have been used. 
(6, 25, 27). Several theories have been advanced to account for 
the injury. Most investigators have concluded that it was due to 
the osmotic- resistance offered to water entrance to the seed. 
Slosson and Buffum (37) concluded that the physical force of 
absorption only was the cause of delayed germination. Slosson 
(38) found that isosmotic solutions produced nearly the same 
effect, and concluded that the osmotic pressure was more impor-
tant than the kind of salt. Buffum (5) found that the retarding 
effect of a salt solution in the germination of seeds was in direct 
proportion to its osmotic pressure, except where other factors 
entered, as the caustic effect of sodium carbonate or the solution 
was very dilute. 
Ewart (10) concluded that the injurious effect of salts on the 
germination of wheat was due mainly to osmotic influences. 
Harris (20) found that the injurious action of alkali salts was 
not in all cases proportional to the osmotic pressure. Shive (36) 
reported the retarded germination to be directly related to the 
amount of water absorbed by the seeds, which in turn was de-
pendent upon the concentration of the solution. Allison (1) 
concluded that the concentration of the salt was the primary 
cause of the injury to the germination and to young plants, and 
secondary to this was the acid radical and the base with which 
it was combined. 
Rudolfs (33) found that the rate of absorption was progress-
ively retarded by an increase in the osmotic concentration of the 
solution. Greaves and Lund (17) concluded that" There is pro-
bably a physiological action of the substance upon the living pro-
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toplasm, changing its chemical and physical properties so that 
it cannot function properly." Sherwin (35) found that soluble 
fertilizers delqyed germination, while organic fertilizers caused 
the death of the cell. rrruog' et al. (40) concluded that the osmotic 
pressure of the seed, the osmotic pressure of the sprout, and the 
protective covering of the sprout determined the extent that fer-
tilizers affected the germination of seeds. 
Hicks (22) concluded that the chief injury to germination by 
chemical fertilizers was inflicted upon the young sprouts after 
they left the seed coat, and before they emerged from the soil, 
while the seeds themselves were injured only slightly or not at 
all. Fred (11) found that seeds of a high oil content were very 
easily damaged by certain fungi which develop on clover turned 
under as a green manure. Hutcheson and Wolfe (23) noted 
that 200 to 400 pounds per acre of variouS' fertilizers drilled 
direct contact in the seed row, on a sandy loam, did not mate-
rially affect the germination and nodule formation of soybeans. 
Salter and McIlvaine (34) said that the germination of the seed 
was less sensitive to an acid reaction in wheat, corn, soybeans and 
alfalfa than was the subsequent growth of the seedling. Brown 
(2) found that a saturated solution of sodium chloride had 
slightly less osmotic pull than the seed contents of Hordeum 
vulgare. 
EXPERIMENTAL 
PART I: EFFECT OF METHOD OF APPLICATION OF FERTILIZ· 
ERS ON THE DEVELOPMENT OF CORN ROOTS 
It has long been known that corn possesses a characteristic 
root system. Ten Eyck (39) found that corn 60 days after 
planting had two classes of roots; those that curved out from the 
crown and grew directly downward, and those that spread out in 
a horizontal plane and then curved downward, the roots of the 
second class being found chiefly in the upper 12-inch layer of soil. 
Weaver (22) states that all cereals, including corn, possess a root 
system in which there is a definite group of more or less horizon-
tally spreading roots lying within the first 1 to 1.3 feet of soil, 
and a second group of deeply penetrating roots, extending into 
the subsoil to depths of 6 to 7 feet. It seemed, therefore, that the 
effect of different methods of applying fertilizers on the develop-
ment of corn roots should be easily traced, and if a correlation 
could be established between the methods and early growth, ma-
turity, yield and quality of the corn, the problem of selecting 
the best location for various fertilizers on corn would be simpli-
fied. 
Greenhouse and field experiments were planned to study this 
problem and to determine how fertilizers applied by different 
71 
methods would affect the development of corn roots. The fer-
tilizers were located in dij·ect contact with the seed, at the sides 
of the seed, and below the seed. The fertilizers employed were 
0-12-0, made by adding the proper amount of sand to 16 percent 
acid phosphate, 0-12-2, made from acid phosphate, potassium 
chloride and sand thoroly mixed together in the right propor-
tions, and 2-12-2, composed of ammonium sulfate, acid phos-
phate, potassium chloride and sand, also properly mixed. 
Gj·eenhouse St1~dies 
The early growth of corn roots was studied in the greenhouse 
with the moisture conditions under control. All treatments were 
made in duplicate. When the fertilizer was to be located in 
contact with the seed, it was spread over an area 5 inches square, 
the seed being placed in the center of the area, and then covered 
with two inches of soil. For the location below the seed, the 
fertilizer was distributed over an area 5 inches square, and one 
inch below the seed. When appplied at the sides of the seed it 
was placed in strips 2V2 inches wide and 5 inches long, 1 inch 
from the seed. 
Four-gallon porcelain pots were filled with Webster silt loam, 
and 2 kernels of Reid's yellow dent corn were planted in each 
pot. Tests on this seed showed 100 percent germination in four 
days. The optimum moisture content of the soil was maintained 
thruout the experiment. Eight days after planting one plant 
from each pot was taken up, the roots washed and the develop-
ment noted and again 30 days after planting the character of the 
root growth was studied. Table I gives the various treatments 
and the germination counts after planting. 
The data show that all the fertilizers located in contact with the 
seed retarded germination, and that this retardation was greater 
with increasing amounts of fertilizer, except in the case of the 
2-12-2 where 100 pounds per acre proved as injurious as 200 
pounds per acre. The 0-12-0 did not retard the germination as 
much as the 2-12-2 or the 0-12-2. When the fertilizers were lo-
cated below, or at the sides of the secd, no appreciable injury to 
germination was shown. 
With 100 pounds per acre of the 2-12-2 and 0-12-2 in contact 
with the seed there was no germination in 8 days. The same 
amount of the 0-12-0 in contact with the seed, however, stimulated 
the early growth of the primary temporary roots. When located 
at the sides of the seed, 100 pounds of all the fertilizers stimu-
lated primary temporary root growth, the 2-12-2 and 0-12-2 show-
ing more effect than the 0-12-0. With 100-pound applications, 
the greatest development of primary temporary roots occurred 
in all cases when the fertilizers were located below the seed. 
When 200 pounds per acre of the 2-12-2 and 0-12-2 were used in 
TABLE 1. GREENHOUSE STUDIES: THE EFFECT OF LOCATION OF DIFFERENT FERTILIZERS ON THE GERMINATION OF CORN 
AND DEVELOP'MENT OF PLANTS' 
I Fertilizer treatment J.'iumber of plants which came up at 
I I I I 
Plots I Rate M~thod of I 3 4 5 6 9 I 10 11 12 13 I 14 
no. I Analyses per A. application I days days days day::; days days days I days days days days I days 
I I I I 
I I I I 
1- 2 I Check I 4 I I 
3-4 I 2-12- 2 100 Ibs. Contact I 0 0 0 0 0 1 1 I 2 3 3 
5- 6 I 0-12- 0 100 Ibs. Contact I 0 2 3 3 H 3 3 I 4 
7- 8 I 0- 12-2 100 Ibs. Contact I 0 0 2 3 3 3 3 I 3 3 3 3 3 
3- 10 I Check I 0 I 3 3 3 S 
11-12 I 2-12- 2 100 Ibs. Sides I I 
13- 14 I 0-12-0 100 Ibs. Sides I I 
15- 16 I 0-12-2 100 Ibs. Sides I I 
17-18 I Check I I 
19 20 I 2 12 2 100 Ibs. Below I 0 4 I 
21-22 I 0-12-0 100 Ibs. Below I 0 2 I 
23- 24 I 0- 12- 2 100 Ibs. Below I 0 3 I 
25-26 I Check I 0 
27- 28 I 2- 12-2 200 Ibs. Contact 0 0 1 2 2 2 2 2 
29-30 I 0-12- 0 200 Ib3. Contact 0 1 2 2 2 3 3 3 
31-32 I 0-12- 2 200 Ibs. Contact 0 0 2 3 3 3 3 3 
33- 34 I Check 0 
35-36 I 2-12- 2 200 Ibs. Sides 0 1 
37-38 I 0- 12- 0 200 Ibs. Sides 0 4 
39- 40 I 0-12- 2 200 Ibs. Sides 0 2 
41-42 I Check 0 
43-44 I 2-12- 2 200 Ibs. Below 0 3 3 3 
45-46 ! 0-12- 0 200 Ibs. Below 0 4 
47-48 I 0- 12- 2 200 Ibs. Below 0 
I 
*Four plants represented perfect germination. 
-l 
t-:I 
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contact with the seed, the development of the primary temporary 
roots was retarded, but no retardation of temporary root develop-
ment was produced, however, by the same amount of the 0-12-0 
in contact with the seed. Applications of 200 pounds of the 
2-12-2, 0-12-2 and 0-12-0 made at the sides of the seed caused 
the production of more secondary temporary roots than did 
similar applications of fertilizers made in contact with the 
seed. The same amounts of the three fertilizers applied below 
the seed permitted equally as good development o£ primary and 
secondary temporary roots as when the applications were made 
at the sides of the seed. 
One hundred pounds per acre of 2-12-2 in contact with the 
seed retarded the development of the primary and secondary 
permanent roots as noted 30 days after planting. On the other 
hand, similar applications of the 0-12-0 and 0-12-2 in contact 
with the seed stimulated the development of the secondary per-
manent roots. When located at the sides of the seed, this amount 
of the 2-12-2 and 0-12-2 increased the development of permanent 
roots, while the 0-12-0 apparently had the opposite effect. With 
all three fertilizers, the greatest development of permanent roots 
was secured when the applications were located below the seed. 
With 200 pounds per acre of the 2-12-2 and 0-12-0 in contact 
with the seed, growth was prevented, while a similar application 
of the 0-12-2 st;.mulated the growth of the secondary permanent 
roots. The same amounts of the 2-12-2 and 0-12-2 located at the 
sides of the seed brought about a greater development of per-
manent roots than did the 0-12-0. When located below the seed, 
the 200-pound applications of all the fertilizers gave the greatest 
development of primary and secondary permanent roots. 
, 
Field Studies: Sel'ies I. 
Similar studies to those just described on the effect of method 
of application of different fertilizers on the early gTowth of corn 
roots were conducted in the field. Reid's yellow dent corn was 
planted in hills 40 inches apart August 1, 1924. The same fer-
tilizers, 2-12-2, 0-12-2, and 0-12-0 were used, being applied in 
direct contact, at the sides of the seed, and below the seed as in 
the greenhouse. Germinaton counts, as in the preceding ex-
periment and drawings, and photographs were made. The re-
sults are given in table II. 
The data given in table II show that 100-pound applications of 
all the fertilizers in contact with the seed, or below the seed re-
tarded germination. 'fhis retardation was less with the 0-12-0, 
however, than with either the 2-12-2 or 0-12-2. Germination was 
not retarded by any of the fertilizers when they were applied at 
the sides of the seed. 
The 100-pound applications of the 2- 2-2 and 0-12-2 in con-
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,,~ 2.-12.-2, 
Fig. 1. The effects of 100 pound applications of 2-12-2, 0-12-0, and 0-12-2 in con-
tact with the seed on root development of corn . 
tact with the seed retarded the development of the temporary 
roots, but similar applications of the 0-12-0 stimulated the early 
growth of these roots (fig. 1). When the fertilizers were located 
at the sides of the seed, the 100 pounds of the 2-12-2 and 0-12-2 
stimulated the growth of primary roots more than a similar appli-
cation of the 0-12-0 (~g, 2), The same amounts of the 2-12-2 
TABLE II. FIELD STUDIES : THE EFFECT OF LOCATION OF DIFFERENT FERTILIZERS ON THE GERMINATION OF CORN AND 
DEVELOPMENT OF PLANTS' 
i Fertilizer treatment Number of plants wh ich came up at 
1 1 1 1 1 I I 1 I 
Plots I RatA Method of 4 1 5 1 G 1 7 I 8 I 9 I 10 11 12 1 13 1 14 
no. 1 Analyses per A. application days 1 days 1 days 1 days I days I days 1 days days days 1 days I days 
1 I i I I 1 1 I I 
1 I 1 I I 1 1 1 1 
1 Check 1 1 8 1 1 1 1 1 1 
I 2- 12- 2 100 lbs . Contact 0 I 0 1 0 I 1 1 1 2 2 4 1 6 1 6 0- 12- 0 100 lbs. Contact 0 I 0 I 6 I 1 1 1 7 7 7 1 7 1 7 
I 0- 12- 2 100 lbs. Contact 0 I 0 1 0 1 1 1 1 1 1 3 1 4 1 4 
1 Check 1 I 7 1 I 1 1 1 1 
I 2- 12-2 100 lb •. Sides I 4 I 8 1 1 1 I 1 1 I 0- 12- 0 100 lbs. Sides 3 I 7 I 1 7 1 1 1 0-12- 2 100 lbs. Sides 1 2 6 1 G 1 1 I 
Check I 4 1 1 1 1 -:) 
10 2- 12- 2 100 lbs. Below 0 1 0 3 I 4 1 5 7 1 7 1 - 01 
11 0- 12- 0 100 lbs. Below 0 1 0 5 1 6 1 G 7 1 7 1 
12 0- 12-2 100 lbs. Below 0 1 0 2 1 2 1 G 8 1 1 
13 Check 0 1 2 'I 7 1 1 1 1 
14 2- 12- 2 200 lbs. Contact 0 I 0 0 0 1 0 0 1 0 0 0 1 0 1 1 
15 0- 12- 0 200 lbs. Contact 0 1 0 4 5 1 7 7 1 7 7 7 1 7 1 7 
16 0-12- 2 200 lbs. Contact 0 I 0 0 0 1 0 0 1 0 1 1 1 3 1 6 
17 Check 0 I I I 7 7 1 1 
18 2- 12- 2 200 lbs. Sides 0 1 2 7 1 1 7 8 1 1- -
19 0- 12- 0 200 lbs. Sides 0 I 4 8 I 1 1 1 20 0- 12- 2 200 lbs. Sides 0 4 8 1 1 1 1 
21 Check 0 I 8 1 I 1 
22 2 12- 2 200 lbs. Below 0 0 0 0 1 2 3 1 4 5 7 I 7 1 
23 0- 12-0 200 lbs. Below 0 0 5 6 I 7 7 1 7 7 7 1 8 1 24 0-12- 2 200 lbs. Below 0 0 4 5 6 6 1 6 6 6 I 7 1 
I 1 1 i 
"Eight plants constitute perfect germination. 
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100 Ib~. pe.r 6c..rc. Gf 2..-IZ-2. 
"5ide~" 
100 In:. pt.r d~rc. ,,~ 0-12-.2 
".s.de::)·· 
Fig. 2. "Sides" applications of 2-1 2-2, 0-12-0 and 0-12-2 affect root development 
of corn. 
and 0-12-2 applied below the seed retarded the development of 
primary temporary roots less than when applied in contact with 
the seed (figs. 1 and 3). The 0-12-0 applied below the seed at 
the rate of 100 pounds per acre gave a greater development of 
the secondary temporary roots than did the same application in 
contact with the seed (figs. 1 and 3). 
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.-------,,-n,------------------,,------------------~ 
100 It'>~ . pee 6C.l"e o~ 0"'12 -0 
"Be.l~w" 
100 It~.:l per a.c.r~ Clo~ Z. - 11. 1 
"below· 
IOU In:.. per c:oc..rt:, of 0-'1.-;::' 
.. Belo ..... " 
Fig. 3. Application of vadous fertilizers below the seed have different effects on 
root development. 
'l'he growth of primary temporary roots was retarded more 
with larger amounts of the fertilizers when applied in contact 
with the seed (figs. 1 and 4). No retardation of temporal), roots 
was observed with 200 pounds of the fertilizers applied at the 
sides of the seed (fig. 5). When this amount of the fertilizers 
was applied below the seed, the 2-12-2 and 0-12-2 retarded the 
• 
/ 
\ \ 
\ ~) 
/ /7 
/ 
I 
L 
,,' 200 II:>::. pLr d.c.ro:. .. I [.1 -12-0 
"c.."Of.ct " 
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Fig. 4. 200 pound applications of 0-12-0 
in contact with the seed retard germina-
tion while 0-12-2 and 2-12-2 inhibit it. 
development of temporary roots more than · the 0-12-0 (fig. 6 ) . 
Photographs of the roots made 30 days after planting show 
that 100 and 200 pounds per acre of the 2-12-2 applied in contact 
with the s'eed retarded the development of the primary per-
manent roots (figs. 7 and 10). The same amounts of the 0-12-2 
and 0-12-0 similarly applied had no retarding effect on these 
roots. The 2-12-2 and 0-12-2 brought about a greater develop-
ment of the primary permanent roots than the 0-12-0 when appli-
cations were made at the sides of the seed (figs. 8 and 11 ) . The 
greatest development of the secondary permanent roots was se-
cured, however, with the 2-12-2 and 0-12-2 applied below the seed 
(fig. 12). 
TABLE III. THE EFFECT OF METHOD OF APPLICATION OF FERTILIZERS 
ON THE DEVELOPMENT OF CORN ROOTS 
I Fertilizer treatment 
Plot II Rate of no. application Analyses Method of application 
I 
1 I 200 Ibs. per acre 2- 12- 2 IHM* 
2 
I 
200 lbs. per acre 2- 12- 2 Sides 
3 200 lbs. per acre 0- 12- 0 IHM 
4 I 200 lbs. per a.cre 0- 12- 0 Sides 
5 I 200 Ibs. per acre 0- 12- 2 IHM 
6 I 200 Ibs. per acre 0- 12- 2 Sides 
7 I No treatment 
I 
·IHM means that the fertilizer was applied in the hill mixed with the soil. 
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ZOO \b~ per o:K<"C. 
b~ Z--1 2 - Z 
"S(de~" 
lO a Ib!> p c..r dc..re. 0\- O- l'l-2 
.. 5 ide ~ " 
Fig, 5. 200 pounds of various fertilizers applied at the "sides" of the seed do not 
injure root dev21opment. 
In the greenhouse studies no injury to germination was ob-
served, and the greatest development of both the temporary and 
permanent roots was secured when the fer.tilizers were applied 
below the seed. In the field studies, when the fertilizers were 
located below the seed, the development of the temporary roots 
was retarded, but the gro\ th of the secondary permanent roots 
lOO Ib!l. po:r .... re (or O-IZ- O 
"c>e.lr;;.w'· 
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2001b:> fer ".;.re !of Z-IZ-l. 
"Bel~w" 
zoo Ib:> per ,,"c..-e "'~ O~I'Z-2. 
"'.f)e.l c.V'J" 
Fig. 6. 200 pounds of various fertilizers applied below the seed have different effects 
on root development. 
was stimulated, especially in the fertilized zone. These results 
indicate that the greatest development of both the temporary 
and permanent roots would be secured if the fertilizer were ap-
plied where it would have no injurious effects and the greatest 
number of roots could obtain it. It was assumed that these con-
ditions would be obtained by appIying the fertilizer so that 
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Fig. 7. No.1- Check. No. 2- 100 pounds per acre of 2-12-2 "Contact." No. 3- 100 
pounds per acre of 0-12-0 "Contact." No. 4- 100 pounds 0-12-2 "Contact." 
t 
I 
II 
\ 
" 
/. / 
/\ 
Fig. 8. No. 5-Check . No. 6- 100 pounds per acre of 2-12-2 "Sides." No. 7- 100 
pounds 0-12-0 "Sides." No. 8-100 pounds per acre of 0-12-2 "Sides." 
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Fig. 9. No.9- Check. No. 10- 100 pounds per acre of 2-12-2 "Below." No. 11- 100 
pounds per acre 0·12-0 "Below." No. 12- 100 pounds per acre 0-1 2-2 "Below," 
Fig. 10. No. 13- Check. No. 14- 200 pounds 2-12-2 "Contact." No. 15- 200 pounds 
per acre of 0-12-0 "Contact." No. 16- 200 pounds per acre 0-12 -2 "Contact." 
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Fig. 12. No. 17-Check. No. 18-200 pounds pel' acre 2-12-2 "Sides ." No. 19-200 
pounds per aere 0-1:!-O "Sides." No. 20- 200 pounds per acre "Sides ." 
Fig. 12. No. 21- Check. No. 22- 200 pounds pel' acre 2-1 2-2 "Below." No. 23-20~ 
pounds pel' acre of 0-12-0 "Below." No. 24- 200 pounds pel' acre of 0-12-2 "Below." 
Fig. 13. 
with the 
Fig. 15 
the hili 
Fig. 17 
pel' acr"e 
Fig. 19. 
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2 - 1~-2 fe ·t·l· soiU" . I 1 lzer ... Increased In the hil l . root develop~~~et~ 
200 pound mixed ·t of 0-12-0 . root wJ h the soil" ap~lied "in 
evelopment. stImulated 
0-12-2 at 
applied "r the rate 
. H. M" 
growth .. 
Corn 
~~ 200 pounds 
creased root 
on untreated 
Fig. 14. 200 the "sides" h~ounds of 2-12-'} . devdopmen~ less influen-c applIed at 
"r t1~n when a~ fn root 
. . M." pled 
,..'->1 
\ 
Fig. 16. 200 ~he "sides" olounds of 0-12 loot growth th the sew had jO applied t an when ess effect :n 
applied "I.H.M." 
Fig. 18. A acre 0-12 t the rate o ' growth tir7m sho~ed les~ 22~ pounds per 
W en applied e~i on root 
. H. M." 
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it would be thoroly mixed with a layer of soil 3 or 4 inches wide, 
10 to 12 inches long, and 1 inch deep, and then placing the seed 
in the middle of the layer. The following experiments, based 
upon the assumption, were conducted in the field. 
Field Studies: Ser-ies II. 
'1'he effect of the varioljls fertilizers on the development of corn 
roots when the fertilizers were applied in the hill mixed with the 
soil over an area 3 inches wide, 12 inches long, and 1 inch deep 
~ 
'- , 
Fig. 20. Root development of corn with 
150 pounds of 0-12-0 applied broadcast. 
was compared with the development obtained when the fertilizer 
was located at the sides of the seed. rrhe applications of the 
fertilizers at the sides of the seed were made in strips 1 inch 
wide and 12 inches long on either side of the seed. rrwo-hundred 
pounds per acre were applied as shown in table III. 
The experiment was located on the Carrington sandy loam 
which usually gives large increases in the yield of corn from the 
use of fertilizers. rrhree kernels of Reid's yellow dent corn were 
planted in hills 40 inches apart. Later they were thinned to 
two stalks per hilL The seeds were planted and the fertilizer 
applications were made by hand. The method of King (24) 
and Ten Eyck (39) as modified by Harper (18) was used in 
studying the development of the roots. A trench about 3. feet 
deep and two feet wide was dug 6 inches from the hill, and the 
Fig 21. 0-12-0 applied "in the hill" at the rate of 150 pounds per acre increased 
root growth. 
soil washed from the roots with water from a force pump. Both 
drawings and photographs of the root systems were made. As 
is shown in the drawings the corn was at the stage when the 
large brace roots were beginning to grow down into the soil, but 
before the characteristic early growth, as affected by the method 
of application of the fertilizers was masked. 
The results of this experiment were very striking. A compar· 
ison of figs. 13 to 19 shows that all the fertilizers used increased 
the development of both the primary and secondary roots, and 
that the greatest development of secondary roots was obtained 
when the fertilizers were located in the hill mixed with the soil. 
Here, as in the preceding experiments, the 2-12-2 and 0-12-2 
affected the development of the secondary roots. However, the 
method of application of the ferilizer made a greater difference in 
the character of root development than did the kind of fertilizer 
used. 
In all of the preceding experiments the fertilizers were applied 
TABLE IV. THE EFFECT OF METHOD OF APPLICATION OF FERTILIZERS ON THE MATURITY, YIELD AND QUALITY OF CORN. 
Carrington Loam II 
1 Fertilizer treatment 1 1 Tasseled Acre yield.3, lbs. 1 Acre 1 I , 1 1 1 No. of : No. of 1 .1 1 I I 1 yielda 1 I 
Plot 1 1 I 1 stalks 1 missing 1 July 1 July 1 July I " I 80 lbs. , Increase , Percent 
no. 1 Rate per A. ' ~nalyses 1 Method Iperllill l hills 1 17 I 20 I 22 Mkt. 1 Seed 1 Nubbinsl~1 I moisture 
I 1 I 1 1 1 ' 1 , : 1 Total 1 1 
, , 1 1 1 1 , , 1 1 1 
1 , No treat men t 1 , 1.9 I 85 I 113 261 l 607 2100 , 50 2160 I 55.0 1 1 29.8 
2 1 150 lbo. 1 0- 12-2 1 IHMA* 2.1 , 92 1 148 529 1 1121 3750 1 198 1500 1 68.1 1 12.0 1 26.4 
3 I 150 lbs. 1 0- 12-2 , IHM 2.3 I 106 I 839 1474 1 2187 4680 1 243 460 1 76.0 1 23. 8 , 26. 8 4 I 150 lbs. 1 0-12- 2 I BI 2.3 78 325 665 , 1467 4730 1 286 867 , 73.5 1 15.2 1 27.8 
5 , No treatment , 1 2.1 , 56 1 75 184 I 409 2920 1 162 1670 1 59.4 1 1 30. 8 6 1 150 lbs. , 0- 12- 0 , Br 2.3 
I 
85 , 359 1030 1496 5500 1 524 845 1 85 . 9 , 24.7 1 26.8' 
7 , 150 lb •. I 0-12-0 I IHM 2.3 56 , 663 1700 , 2299 5270 , 585 960 , 85.2 , 22.2 1 27.6 m 8 1 150 lbs. 1 0-12-0 I IHMA 2.1 63 1 275 853 1 1270 5250 , 286 972 , 81.4 , 16.6 1 30.4 
-.:J 9 1 No treatment I , 2.3 42 I 56 332 I 747 3930 94 1310 , 67.7 1 1 28.2 10 1 150 lbs. I 2- 12-2 , IHMA 2.2 I 99 , 373 924 1382 4020 386 1230 1 70.4 , 3.5 I 26.0 11 150 lbs. 1 2- 12-2 , IHM 2.3 1 49 1 887 1876 I 2737 5140 423 1075 1 82.9 1 15.8 1 26.0 
12 150 lbs. 1 2-12-2 , Br 2.3 1 99 I 458 1136 I 1481 4790 362 801 ! 74.4 1 7.1 1 26.8 13 No treatment I 1 2.2 I 49 1 28 141 373 4340 162 893 1 67.4 1 1 32.0 
14 , 300 lb • . 1 2- 12-2 1 Br 2.3 I 63 I 493 1058 I 1700 5670 1\10 560 1 84.2 , 17.3 1 28.4 
15 , 300 lbs. , 2-12-2 , IHM 1.9 I 85 1 1276 2067 1 2730 5270 536 714 , 81.5 1 15.1 1 27.6 16 , 300 lbs. , 2-12- 2 1 IHMA 2.1 63 I 550 1149 I 1806 4470 536 763 , 72.1 , 6.2 , 28.0 17 I No treatment I , 2.0 , 85 28 183 423 4100 113 1010 1 65.2 , 1 30.8 
18 , 300 lbs. I 0-12-0 I IHMA 2.1 1 35 I 380 1079 I 1791 5620 582 720 I 86.5 , 20.9 I 29.0 19 , 300 lbs. 1 0- 12- 0 , IHM 2.3 I 78 931 2123 2892 5380 624 720 , 84.1 1 18 .1 1 25.6 20 , 300 lbs. 1 0-12- 0 1 Br 2.3 120 I 339 904 I 1411 5570 412 514 1 81.2 1 14.8 1 27.6 
21 I No treatment I I 1.0 I 183 I 92 388 , 656 3450 208 904 1 66.9 , 1 26. 8 1 I 1 I 1 I 
• Abbreviations: In the hill mixed with the soil above the seed- "IHMA." In the hill mixed w th the soil-"IHM" and Broadca't- Br. 
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by hand, and the location was, definite and exact. It seemed 
desirable, therefore, to study the development of roots which had 
been planted with a machine, wheDj the fertilizer applications 
were made by the attachment used in the field experiments, dis-
cussed later. 'rhen if these data could be correlated with early 
growth, maturity, yield and quality they would have a practical 
significance. 
Field Studies: S e1"ies III 
The outline of this experiment is shown in table IV which also 
gives the results secured. Plants from plots 6 to 12, inclusive, 
Fig. 22. 0-12-0 appl ied "ill the hill mixed with the soil" at the rate of 150 pounds 
per acre had less effect on root growth than when applied "I. H. M." 
were selected for special study. 'rhe roots were washed out and 
the development recorded in drawings which were made to scale. 
The broadcast applications were made with a fertilizer grain 
drill. The location in the hill1nixed with the soil above the seed 
was made with the planter and special attachment. The appli-
cation in the hill was made by removing the spreaders. 
When the fertilizers were located in the hill, an enormous in-
crease in the development of both the primary and secondary 
roots was secured (fig·s . 23 and 27 ) . The fertilizers applied 
broadcast were as effective in stimulating the development of the 
primary roots as they were when applied above the hill, but the 
2-12-2 located above the hill produced a greater development 
of secondary roots than when applied broadcast (figs. 26 and 28). 
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Fig. 23. Corn root growth on check or untreated Eoil. 
Fig. 24 150 pounds per acre of 2-12-2 applied "r. H. M." stimulated root 
developmen t. 
!lO 
Fig. 25. 150 pounds per acre of 2-12-2 applied "in the hill" showed more root devel-
opment than when applied "J. H . M." 
The figures show that the location of the fertilizer had more 
effect. on the development of the corn roots than did the kind of 
fertilizer used. 
Fig. 26. 150 pounds per acre of 2-12-2 applied broadcast had less effect on root 
development than when applied "in the hill." 
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Discussion 
From the greenhouse studies it appears that when the fertili-
zers used were not located in contact with the seed the retardation 
of germination was negligible. 'rhe greatest development of the 
primary and secondary roots, both in the temporary and perma-
nent root systems, was obtained when the fertilizers were located 
one inch below the seed. '1'he 0-12-0 applied in contact with the 
seed stimulated the early development of the secondary, tempor· 
ary roots. The 2-12-2 and 0-12-2, when located below or at the 
sides of the seed, produced a greater development of roots than 
did similar applications of the 0-12-0. 
In the field tests positive evidence of the injurious effect of fer-
1ilizers applied in contact with the seed was secured. The germ-
ination of the seed and the development of the temporary roots 
were retarded when the fertilizers were applied one inch below 
the seed. This was apparently due to moisture conditions, since 
it was not observed in the greenhouse studies where optimum 
moisture was maintained. However, the greatest development 
of secondary permanent roots was obtained when the 2-12-2 and 
0-12-2 were applied one inch below the seed. This indicates -that 
the fertilizers should be placed in the zone of greatest root 
growth, and over an area large enough to prevent any retardation 
of germination and subsequent injurious effect on the root de-
velopment. This fact is borne out in the experiments where 
the fertilizers were applied in the hill mixed with the soil in a 
layer 3 inches wide, 12' inches long and 1 inch deep with the 
seed planted in the middle of the fertilized area. 
The studies on the machine planted corn show how inefficient 
the spreaders were in 'fItixing the fertilizers in the hill with the 
soil. They located the fertilizers in the hill lJz to 1 inch above 
the seed. When the fertilizers were located above the seed, the 
root development was about the same as when the fertilizers were 
applied broadcast. When the spreaders were removed the fer-
tilizer was spread thru the hill over an area about 2% inches wide 
and 15 inches long, partly mixed with the soil. 'rable IV shows 
how the root growth was correlated with early growth, maturity, 
yield and quality of the crop. The greatest root growth was found 
where the fertilizer was applied in the hill (figs. 23 and 27). 
'1'he most rapid growth of young corn was made on plots 7 and II. 
'rhe earliest maturing corn was also found on these plots. While 
the yield and quality of the corn on these plots did not vary a 
great deal in this particular season, the results over a period of 
years would undoubtedly show greater differences. 
It seems safe to conclude from these studies that the desirable 
effects of fertilizers on corn such as early growth, early maturity, 
increased yields and quality are correlated with the root growth, 
• 
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Fig. 27. Boxes in which diffusion study was made. 
and that the greatest development of the primary and secondary 
temporary and permanent roots is. secured when the fertilizers 
are applied in the hill properly mixed with the soil. 
PART II: EFFECT OF METHOD OF APPLICATION OF FERTILIZ· 
ERS ON THE PRODUCTION OF NITRATES IN THE SOIL, AND 
ON THE NITRIFYING POWER OF THE SOIL 
It is quite generally believed that applications of fertilizers 
may stimulate certain bacterial activities which make available 
more plant food elements, and thus, indirectly they may increase 
the yields of crops. It seems quite probable, however, that de-
sirable bacterial action may be stimulated, more or less, accord-
ing to the method by which the fertilizers have been applied. In 
this work an attempt was made to determine the effect of the 
method of application of fertilizers on certain bacterial action in 
the soil. The production of nitrates in the soil and the nitri-
fying power of the soil were taken as a measure of the influence 
on bacterial activities. 
TABLE V. THE EFFECT OF METHOD OF APPLICATION OF FERTILIZERS ON 
THE PRODUCTION OF NITRATES IN THE SOIL 
Samples I __ -,P;:-o;-;u;.:;n",ds::.....::.of::...:.:n:..;:i t::cro",g:..:.en:.:..::a",s ..:,n""i t"'ra::..:t..::es:.-=:.Pe:.:r.2::..: • .::.:00::..:0:..:.0-';;00:....,.;;p.::,:ou;::n:..::d::cs ...:o.:.f ..;:s.::.:oi::.1 __ 
taken ----=-=-'"'2:..-.::,12_-2-=-o-----;~c-=--=-=-'0--1;-2-'-0-=-o __ ,'-I-=-=-o-='0'---1:,.2-'-2=_=o__- 1 
after I I-H-M I Sides I I-H-M I Sides I I-H-M I Sides I 
6 days 
12 .. 
24 .. 
40 .. 
60 .. 
14 .4 
14.5 
20.9 
21.3 
20.7 
I I I I I I 
I 34.0 I 33.6 I 32.0 I 17.6 I 31.4 I 
I 29.0 33.5 I 31.7 I 14.2 I 33.5 I 
I 26.9 I 28.5 I 32.0 I 13 .3 I 28.2 I 
I, i~:~ I iU I ~U I t~:~ I i~:~ I 
I I I I I 
Check 
29.5 
29.9 
34.8 
22.4 
20.8 
• 
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TABLE VI. THE EFFECT OF METHOD OF APPLICATION OF FERTILIZERS 
ON THE NITRIFYING POWER OF THE SOIL 
Samples ' Pounds of nitrogen as nitrates per 2.000,000 pounds of soil 
taken ' 2-12-2 0-12-0 0-12-2 Cheek after , I-H-M , Sides I-H-M , Sides I-H-M , Sides 
, , , 
6 days 9.6 , 18.3 18.5 , 16.5 4.7 , 22 .8 20.3 
12 15.7 I 20.8 16 .8 , 18.2 19.6 , 19.8 19 .8 
24 .. 37.7 I 34.2 34.2 , 40.6 33.5 , 37 _7 40.6 
40 .. 44.9 , 44.3 41.6 , 43.6 43.2 , 44.0 44.6 
60 .. 20.4 , 27.6 20.4 , 14.0 19.2 , 20.4 18 • .8 
, , I 
Carrington sandy loam having a pH value of 6.8 was sieved 
and placed in boxes similar to those in fig. 29. 'l'wo-hundred 
pound applications of the 2-12-2, 0-12-0 and 0-12-2 fertilizers, as 
used in the previous work, were made in the hill and at the sides 
of the hill, in duplicate boxes. When the fertilizers were locat-
ed'in th e hill, the soil was removed to a depth of 3 inches, a wire 
screen 3 inches wide and 12 inches long was placed in the bot-
tom of the hill, a layer of soil 1 inch deep was mixed with the 
fertilizer and placed on it, and another screen placed on top. 
The fertilized layer of soil was then covered 2 inches deep. 'rhe 
location of the fertilizers at the sides of the hill was made in a 
similar manner, except that the fertilizers were placed 1 'inch 
from the hill, in strips 21/2 inches wide and 5 inches long. The 
optimum moisture content was maintained thruout the experi-
ment. At intervals of 6, 12, 24, 40, and 60 days samples were 
taken and analyzed for nitrates. Duplicate samples of 100 
grams of each soil were incubated with 100 mgm. of ammonium 
sulfate at room temperature for 4 weeks. The moisture content 
was made up to the optimum and maintained there thruout the 
incubation period by frequent additions of distilled water. The 
nitrate content was determined colorimetrically by the phenoldi-
sulphonic acid method. 'l'he averages of closely agreeing dupli-
cates are given in tables V and VI. 
A consideration of the data in the table shows that the applica-
tions of the 2-12-2 and 0-12-2 in the hill mixed with the soil re-
tarded the initial production of nitrates. When they were ap-
plied at the sides of the hill, the production of nitrates was slight-
TABLE VII. THE EFFECT OF METHOD OF APPLICATION OF FERTILIZERS 
ON THE PRODUCTION OF NITRATES IN FIELD SOILS 
Samples' Pounds of nitrogen as nitrates per 2,000,000 pounds of soil 
taken' 2-12-2 , 0-12-0 I 0-12-2 I 
after' I-H-M , Sides , I-H-M , Sides , I-H-M , Sides I Cheek 
I , I J , , 
30 days 93.0 , , , I I I 43.5 
45 .. 32,0 , I , I , , 3.0 
60 .. 25.0 , , I I , I 1G. 5 
85 .. 61. 0 , 67.5 I 50.0 I 57 . 0 I 65.5 , 74.5 I 85.0 
100 .. 89.5 I 82.0 I 153.0 I 10G.0 I 81.5 I 77.0 I 67.5 I I I , I 
!J4 
ly stimulated in the first 
12 days. Forty days af-
ter application the fer-
tilizers showed practi-
cally no effect on the-
production of nitrates 
when applied in the hill 
mixed with the soil, or 
at the sides of the hili. 
The 0-12-0 applied in 
the hill mixed with the 
Fig. 28A. After 2 days. No.1- Control. No. 2- soil stimulated the ini-
Sugar solut:on. No. 3- 2-1 2-2. d . tial pro uction of lll-
trates slightly more than when applied at the sides of the hill. 
'rhe results presented 
in table VI show that 
the nitrifying power of 
the soil 6 days after the 
2-12-2 and 0-12-2 had 
been applied in the hill 
mixed with the soil was 
considerably lower than 
when the applications 
had been made at the 
sides of the hill. The Fig. 28B. After 6 days. No. 1 Control. No. 2-
0-12-0 did not lower the Sugar solution. No. 3- 2-12-2. 
nitrifying power of the soil when applied either in the 7!ill mixed 
with the soil, or at the sides of the hill. Practically no differences 
were observed in the nitrify-
ing power of the soil from 12 
to 60 days after the fertilizers 
had been applied. 
'rhe greenhouse experiment 
was repeated in the field on 
the same soil type when a 
crop of corn was grown on the 
soil. The fertilizer applica-
tions were made as in the pre-
ceding experiment, except 
that the sides location of the 
fertilizers was made in strips 
1 inch wide and 12 inches 
long on either side of the hilL 
The samples were taken at in-
tervals of 30, 45, 60, 85 and 
Fig. 29. No.1-Control. No. 2-~-12-2. 100 days after the applica-
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Fig. 30. Section of root tip X 475. 16.6 percent moisture. 
No treatment. 
F'ig. 31. Section of root tiP X 475. 16.6 percent moisture. 200 
pounds per acre of 0-12-0. 
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TABLE VIII. THE EFFECT OF METHOD OF APPLICATION OF FERTILIZERS 
ON THE NITRIFYING POWER OF FIELD SOIL 
Samples I Pounds of nitrogen as nitrates per 2,000,000 pounds of soil 
taken I 2-1 2-2 I 0-12- 0 I 0-12-2 I Check afte< I I-H-M I Sides I I-H-M I Sides I I-H-M I Sides I 
I I I I I I I 
30 days I 175.0 I 
I 
I I I I 188.0 
45 I 158.0 I I I I I 240.0 
60 .. I 192.0 I I I I I 192.0 
85 .. I 160.5 I 135.0 I 122.0 I 132.5 I 140.0 I 151. 5 I 98.0 100 .. I 134.0 94.0 94.0 I 94.0 I 96.0 I 134.0 I 139.0 
I I I I I I I 
tions had been made. Considerable difficulty was experienced 
in securing a crop of corn, parts of the first three plantings 
being destroyed. For this reason samples were not taken on the 
plots where there was no corn, and the data are incomplete as 
shown in tables VII and VIII. 
'rhe data in the table show that the 2-12-2 applied in the hill 
mixed with the soil, under a crop of corn, stimulated the produc-
tion of nitrates for 60 days after the fertilizer was applied. 
Reference to table V shows that applications of the 2-12-2 in the 
hill mixed with the soil retarded the initial production of nitrates 
in a fallow soil in the greenhouse. In the field tests the 0-12-0 
stimulated the production of nitrates 100 days after the fertilizer 
had been applied, and the production was greater when the ap-
plication was in the hill mixed with the soil than when applied 
at the sides of the hill. 
The results reported in table VIII show that the nitrifying 
power of the soil receiving the 2-12-2 applied in the hill mixed 
with the soil was lower than that of the untreated soil for 45 
days after the fertilizer was applied. 'rhese results indicate 
that bacterial action in the soil may be greatly influenced by the 
method of application of the fertilizers. 
Discnssion 
The production of nitrates when the soil was fallowed in the 
gTeenhouse was stimulated or retarded in proportion to the 
increased or decreased nit-
rifying power of the soil. TABLE IX. THE GERMINATION OF CORN 
'rhe 2-12-2 and 0-12-2 fer- IN SOIL WITH VARIOUS FERTILIZERS 
tilizers when applied in 
the hill mixed with the soi l 
decreased the nitrate pro-
duction, and lowered the 
nitrifying power of the 
soil for two weeks after the 
fertilizers were applied. 
The results of the field ex-
periment are incomplete. 
Series I 
(With 6.6 percent moisture) 
Fertilizer 
treatment 
2- 12- 2 
0- 12- 0 
0- 12- 2 
Check 
Note: 100 
germ ination. 
I Percent I Percent 
I germinated I germinated 
I after four days I after eight days 
I I 
I 4 I 
I 100 I 
I 47 I 
I 100 I 
I I 
kernels represent 
5 
100 
67 
100 
100 percent 
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Fig. 32. Section of root tip X 950. 6.6 percent moisture. 200 
pounds per acre of 2-12-2. 
Fig. 33. Section of root tip X 950. 16.6 percent mo:sture. 200 
pounds pcr acre of 2-12-2. 
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TABLE X. THE GERMINATION OF CORN 
IN SOIL WITH VARIOUS FERTILIZERS 
However. they indicate 
that different effects may 
bo produced when a crop is 
grown on the soil. The ef-
fect of fertilizers on nitr'i-
fication in the soil is im-
portant, and the method by 
which the fertilizers are 
applied may control the in-
direct effect of the fertiliz-
ers on plant growth. 
Series II 
(With 16.6 perc€nt moisture) 
Fertilizer 
treatment 
2- 12- 2 
0- 12- 0 
0- 12- 2 
Check 
I Percent I Percent 
I germinated I germ inated 
I after (ou,· days I after e ig ht days 
I I 
I 50 I 
I 100 I 
I 95 I 100 
I I 
56 
100 
98 
100 
PART III: EFFECT OF HILL FERTILIZATION ON THE GERMIN-
ATION AND SEEDLING GROWTH OF CORN 
Studies on the effect of method of application of fertilizers to 
crops arc largely based upon the retarding' effect of the fertilizers 
on the germination of the seed. Many investigators have studied 
the effect of salts on the germination of various seeds, and have 
concluded that this retardation of germination was due to an in-
creased concentration of the soil solution which prevented germ-
ination because of a lack of the necessary moisture. An at-
tempt was made in this work to determine the action of certain 
fertilizers in retarding the germination of corn, and the effect on 
the seedling growth. 
Two-hundred pounds per acre of the 2-12-2, 0-12-0 and 0-12-2, 
calculated upon the basis of hill applications in a layer of soi.l 3 
by 12 inches and 1 inch deep, were thoroly mixed with 300 grams 
of pure quartz sand and placed in tumblers. Three series of 20 
tumblers were arranged with each of the fertilizers. In series 
I and II the moisture content was maintained at 6.6 percent and 
16.6 per cent, respectively, for 8 days. In series III the moisture 
content was maintained at 6.6 percent for 4 days, and at 16.6 per-
cent for the next 4 days. Five kernels of Reid 's yellow dent corn 
were planted in each tumbler. 'rhe number of kernels germi-
nated at four and eight days were counted. 'rhe data are given 
in tables IX, X and XI. 
The results given in the TABLE Xl. THE GERMINATION OF CORN 
tables show that 200 pounds IN SOIL WITH VARIOUS FERTILIZERS 
per acre of the 0·12-0 in the Series III (With 6.6 percent moisture first four days, and hill mixed in sand cultures 16.6 percent moisture next four days) 
did not r etard the germina-
tion of corn. The 0-12-2 re-
duced the stand to 67 per-
cent, and the 2-12-2 allowed 
only 5 percent of the 
kernels to germi.nate when 
Fertilizer 
treatment 
2-12-2 
0-12-0 
0-12-2 
Check 
I Percent I Percent 
I germinated I germ inated 
I after four days I a fter eight days 
I I 
I 4 I 
I 100 I 
I 48 I 
I 100 I 
I I 
17 
100 
97 
100 
99 
F ig. 34. Section cf root tip X 50. 6.6 percent moisture. 200 
pounds per acre of 2-1 2-2. 
Fig. 35. Section of root t ip X 50 . 16.6 percent moisture. 200 
pounds per acre of 2-12-2. 
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the moisture content was maintained at 6.6 percent. III 
series III where the moisture content was maintained at 6.6 per-
cent for 4 days, and at 16.6 percent for the next 4 days, only 17 
percent germination was obtained with the 2-12-2. However, 
under these conditions 97 percent germination was obtained with 
the 0-12-2. With 16.6 percent moisture for 8 days, 56 percent 
and 98 percent germination was obtained with the 2-12-2 and 
0-12-2, respectively. These data indicate that with certain fer-
tilizers, the retarding effect on the germination of corn is due in 
part to some factor other than an increased concentration of so-
lution. 
'fwo-hundred pounds per acre of the 2-12-2 at 16.6 percent 
moisture, a sugar solution of the same concentration, and tL con-
trol with water were set up in osmometers. Four kernels of 
corn were placed in each osmometer. After two and six days 
cne kernel from each osmometer was removed and photographed. 
After two days the corn in the control treatment was germi-
nated, while the treated kernels were apparently still dormant 
(fig. 28-A) (see page 94) . Upon examination after six days in the 
osmometer, the corn treated with 2-12-2 was turgid and appar-
ently would soon germinate, the corn under the same osmotic 
pressure (i. e., treated with the sugar solution) had a radicle 
about 0.3 inch long, and the corn under the control treatment 
had a radicle about 0.7 inch long (fig. 28-B). This would indicate 
further that the retarding effect of the 2-12-2 on the germination 
of corn was due partly to some action of the fertilizer other than 
osmotic effect. From the appearance of the seedlings, fig. 29, it is 
suggested that perhaps the fertilizer retards the secretion of en-
zymes which initiate the germination process. 
Histological studies were conducted upon corn seedlings grown 
in the greenhouse. 'fhe treatments made .. v ere similar to those 
made in the germination tests shown in tables IX and X. Two-
hundred pounds per acre of the 2-12-2, 0-12-0 and 0-12-2 were 
thor01y mixed with 300 grams of pure quartz sand and placed 
in tumblers. 'fwo series of 20 tumblers were arranged in which 
the moistnre content was maintained at 6.6 percent and 16.6 
percent in series I and II, respectively. Five kernels of corn 
were planted in each tumbler and seedlings taken each day after 
two days for a period of 2 weeks. The seedlings were washed 
free of sand, killed in Fleming's solution, embedded in paraffin, 
Rectioned and stained with iron-alum and haematoxyln in the 
usual way. Photomicrographs of sections of root tips showed 
the cell development to be apparently normal in all cases (figs. 
30 to 37). However, with the 2-12-2 and 0-12-2 the rate of cell 
division and elongation was greatly retarded (figs. 36 and 37). 
The rate of cell growth was also retarded by a reduction of the 
moisture content when the 2-12-2 was applied. 
]01 
Fig. 36. Section of root tip X 950. 16.6 percent moisture. 200 
pounds per acre of 0-12-2. 
Fig. 37. Section of root tip X 950. 6.6 percent moisture. 200 
pounds per acre of 0-12-2, 
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DisctlSsion 
In these studies it has been observed that small applications of 
certain fertilizers retarded the germination of corn, and that the 
subsequent growth of the seedlings was stimulated. The osmotic 
pressure of the culture solution exhibited some influence in re-
tarding the germination, but this was not the only cause of the 
retarded germination as was shown when the solution pressure 
was obtained in another manner. The ammonium sulfate and 
potassium chloride apparently affected the retarded germination, 
and the germination was retarded more by the ammonium sulfate 
than by the potassium chloride. It is suggested that perhaps 
these salts stimulate the production of ammonia which is absorbed 
by the seeds and arrests the germination process. Obviously the 
moisture content, type of soil, kind and amount of fertilizer, 
method of application and kind of seeds would be factors deter-
mining the extent of the injury. 
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